Some nutritional components of the edible seaweeds Cryptonemia obovata and Rhodymenia corallina were determined. The amino acid content ranged from 1.0 + 0.3 to 4174.2 + 14.2 mg 100g -1 dry wt in C. obovata and between 0.9 + 0.3 and 2657.0 + 13.5 mg 100g -1 dry wt in R. corallina. The most abundant fatty acid in C. obovata was palmitic acid, reaching a value of 36.5 + 0.2%, while in Rhodymenia corallina the main fatty acid was oleic acid, reaching a value of 24.7 + 0.07%. Both seaweeds showed an important content of EPA (C20:5ω3). In C. obovata, α-tocopherol was the principal tocol (138.5 + 4.9 mg kg -1 lipid), while in R. corallina, it was γ-tocotrienol (850.3 + 9.4 mg kg -1 lipid). Furthermore, β-carotene was the main carotenoid pigment found in C. obovata.
Chile has about 550 species of seaweeds, which grow in benthic habitats, but only about 1% of them are widely known. The more common species are exported as raw material, utilized for the elaboration of carrageenans, alginates and agar-agar and to a lesser degree ingested directly as food [1] . Nevertheless, during the last years the economic and nutritional importance of this natural renewable resource has significantly increased.
Seaweeds are classified taxonomically as algae and they represent a food group that is not normally ingested in unprocessed form in western societies [2] . Seaweeds are reported as rich sources of vitamins, proteins, minerals [3] and dietary fiber, mainly soluble, which is considered important in preventing constipation, colon cancer, cardiovascular disease and obesity [4] [5] [6] [7] .
Another distinctive property of algae is that they are considered natural sources of hydrosoluble and liposoluble vitamins, such as thiamine and riboflavin, βcarotene and tocopherols, as well as of essential longchain polyunsaturated fatty acids from the omega-3 family (LC-PUFAs ω3), such as eicosapentaenoic acid, C20:5ω3 [8] [9] [10] .
Red and brown algae are the ones mainly used as human food sources [6] . Cryptonemia obovata J. Agardh (Florideophyceae, Halymeniales, Halymeniaceae) and Rhodymenia corallina (Bory de Saint-Vincent) Greville (Florideophyceae, Rhodymeniales, Rhodymeniaceae) are not common edible seaweeds. They are found in Chilean and Peruvian coasts. In Chile, they are collected in Mejillones Bay, Puerto Montt and Chiloé Island [11] .
In addition to the possible benefits derived from the consumption of seaweeds, there is increasing interest in the use of edible seaweeds in the development of lowcost, highly nutritious diets for human and animal use [12, 13] . The aim of the present research was to determine the nutritional components of the edible seaweeds C. obovata and R. corallina, which represent natural resources with potential economic value for use in human and animal nutrition.
The nutritional composition of the seaweeds under study is showed in Table 1 . The protein contribution of C. obovata and R. corallina was 26.8 + 0.06 and 16.3 + 0.2 g 100 g -1 , respectively; corroborating the reported by Fleurence [14] . These values are similar to data reported for some Chilean grains, legumes, vegetables and seeds [15] . The ash content of both seaweeds ranged from 22.4 + 0.08 to 21.5 + 0.15 g 100 g -1 (Table 1) , which highlights the seaweeds as resources capable of delivering important salts for the industrial development of foods enriched with iodine, calcium and other minerals [16] .
The lipid content ( Table 1 ) ranged from 0.59 + 0.04 g 100 g -1 in C. obovata to 1.13 + 0.05 g 100 g -1 in R. corallina. These values are consistent with those reported by Hong and Hien [17] for the brown alga Rodophitas. The literature has established that lipid contents of seaweeds are less than 4% [18] . The content in both seaweeds was lower respect to vegetables such as soy and sunflower [15] , but it is worth mentioning that the lipid fraction of both seaweeds contained higher levels of essential polyunsaturated fatty acids (PUFAs) compared with traditional vegetables, which might be of interest if we consider the large amount and variety of seaweeds along the Chilean coast.
The amino acid composition (mg 100 g -1 , dry wt) is illustrated in Table 2 . Red algal species represent an important source of protein, which contain all the essential amino acids [6] . Tryptophan could not be detected after acid hydrolysis of the protein samples, but all the other essential amino acids were present in both seaweed species. Levels ranged from 1.0 + 0.3 to 4174.2 + 14.2 (mg 100 g -1 dry wt) in C. obovata and from 0.9 + 0.3 to 2657.0 + 13.5 (mg 100 g -1 dry wt) in R. corallina. This latter seaweed stands out because of its high levels of glutamic acid, methionine and aspartic acid. On the other side, proline was determined as the main limiting amino acid of R. corallina, according to FAO/WHO standards [19] . Table 3 , both C. obovata and R. corallina had high contents of oleic acid [18:1ω9cis (19.2 + 0.06 and 24.7 + 0.07 %, respectively)] and eicosapentaenoic acid [20:5ω3 (EPA)], with higher levels of EPA in R. corallina (11.9 + 0.03%).
As shown in
The occurrence of long chain PUFAs is important in human nutrition and for fish, which are not able to synthesize them [20] [21] [22] . Fish can, however, elongate and desaturate dietary 18:2ω6 and 18:3ω3 fatty acids [23] . Studies of the fatty acid composition of 10 species of algae collected in Australia reported 16:0 as the main saturated fatty acid in green (23.9%), brown (27.9%) and red algae (33.8%) [8] . In our study 16:0 was also the predominant saturated fatty acid (14.9 -36.5 %). [3, 9, 18] . The low lipid content of these seaweeds makes them desirable for the design of hypocalorific diets for foods for special regimes.
We determined that both investigated seaweeds had total carbohydrate contents ( Table 1 ) either similar to or higher than values reported for fruits and vegetables [15] . R. corallina had a carbohydrate content higher than that of C. obovata. It is known that edible algae generally contain a high content of soluble and insoluble fiber [4, 25] . Seaweeds contain large amounts of structural cell wall polysaccharides that are used by the hydrocolloids industry. This high carbohydrates content suggests a favourable nutritional effect for people requiring it for medical reasons with the possible benefits derived from the intake of either type of seaweed.
Seaweeds are an important unconventional source of vitamins (liposoluble and hydrosoluble) [22, 26, 27] . Tocols, comprising α-, β-, γ-, and δ-tocopherol and their isomers α-, β-, γ-, and δ-tocotrienol, are important liposoluble metabolites synthesized by plant cells; in humans they act as vitamin E precursors. In R. corallina both tocopherols and tocotrienols were found, with γtocotrienol being predominant (850.3 + 9.4 mg kg -1 lipid), followed by γ-tocopherol (142.2 + 5.1 mg kg -1 lipid), β-tocopherol (91.3 + 4.7 mg kg -1 lipid) and αtocopherol (7.9 + 0.3 mg kg -1 lipid), thus giving a total tocol content of 1091.7 mg kg -1 lipid. C. obovata had a limited level of tocopherols and tocotrienols (total tocol content 158.9 + 8.1 mg kg -1 lipid), mostly α-tocopherol (138.5 + 4.9 mg kg -1 lipid), along with low levels of δtocophorol (9.8 + 1.7 mg kg -1 lipid), γ-tocotrienol (6.0 + 0.5 mg kg -1 lipid), β-tocopherol (2.4 + 0.4 mg kg -1 lipid), and γ-tocopherol (2.2 + 0.6 mg kg -1 lipid).
Levels of vitamin E (tocopherols and tocotrienols)
found in C. obovata and R. corallina, as well as the PUFAs content show a good nutritional complement that confirms the importance of the use of these seaweeds in a balanced diet for consumers.
Carotenoid analysis in both seaweeds showed the presence of two major compounds: β-carotene and lutein. β-Carotene was the main pigment in both seaweeds with higher levels in C. corallina (46.4 and 380.7 μg g -1 dry wt, respectively) ( Table 4 ). In relation to lutein, lower concentrations were found in C. obovata than R. corallina (0.9 and 3.4 μg g -1 dry wt, respectively).
According to preliminary investigations the most appropriate dose intake of β-carotene and lutein is 15 and 6 mg day -1 , respectively [28] . C. obovata had a βcarotene content around fifty percent of that reported in fresh carrots, while R. corallina exceeds this by four hundred percent [29] , being greater than reported values of the commonly consumed vegetables found in Chilean markets, such as broccoli, spinach, squash, cabbage and Swiss chard, with a mean β-carotene value of 25 μg g -1 [30, 31] . In relation to lutein concentrations, these are not considered important in comparison with common vegetables [31] .
Both edible seaweeds studied in this research have appreciable protein contents and dietary fiber, low total lipid contents, and relatively high levels of essential amino acids, polyunsaturated fatty acids, and tocols (pro-vitamin E), which make them suitable for the design of new functional and healthy foods for human and animal intake [32, 33] . The results also suggest the necessity to develop more attractive seaweed-based products to encourage the consumption of this kind of food. 
Experimental

Sample collections: Cryptonemia obovata and
Lipid extraction:
Lipids were extracted using a modification of Folch's method according to Christie [34] . Each homogenized seaweed was extracted with 15 mL of chloroform/methanol/water (1:2:0.8), overnight in the absence of light. Three extractions were performed with sonication and centrifugation. The extracts from each sample were partitioned against chloroform/water (1:1 v/v) taking sample water content into account, to give a final solvent ratio of chloroform/methanol/water of 1:1:0.9 by volume. NaCl (5%) was added to the aqueous phase to aid phase separation. For each sample, chloroform phases were combined and concentrated in vacuum to recover the lipids. Total lipids were gravimetrically determined on six aliquots of each lipid extract.
Proximal analysis:
Values for water content (AOAC 934.01), ash (AOAC 930.05), and proteins (AOAC 954.01, N·6.25) were determined following official methods [35] . Total carbohydrates were estimated by rounding up.
Amino acid analysis:
Amino acids were determined by high-performance liquid chromatography (HPLC) by the method of Alaiz et al. [36] . Algae were powdered with a mortar and pestle. A 2 mg sample equivalent to 2 mg of protein was weighed in a hydrolysis tube and then 4 mL of 6.0 M hydrochloric acid was added. D, Lα-aminobutyric acid was used as internal standard. Five mL of this solution was derivatized with 4 μL of diethyl ethoxymethylene-malonate at 50ºC for 50 min with vigorous shaking. From this, 20 μL was injected directly into the HPLC, which consisted of a Merck-Hitachi L-6200A pump (Merck, Darmstadt, Germany), and a Rheodyne 7725i injector with a 20 μL sample loop. The separation of derivatives was attained using a 300 x 3.9 mm i.d. reversed-phase column (Nova-Pack Fatty acid composition: Fatty acid composition was determined by GLC using a HP 5890 FID detector, with a HP 3395 integrator (Hewlett-Packard, Palo Alto, CA, USA), and a 50 m fused silica BPX70 capillary column (0.25 μm film, temperature programmed between 160-230ºC, rate 2ºC min -1 ), with hydrogen as carrier and using reference fatty acid methyl esters (FAMEs) from Merck (Merck, Darmstadt, Germany) for identification. FAMEs were prepared according to AENOR [37] .
Tocopherols and tocotrienols analysis:
Tocopherols and tocotrienols were determined in the lipid extracts by HPLC with fluorescence detection, following the standard method Ce 8-89 [38] . A LichroCART Superspher Si 60 column (25 cm x 4 mm i.d., particle size 5μm; Merck, Darmstadt, Germany) was used. The mobile phase was propan-2-ol in n-hexane (0.5:99.5 v/v) at a flow rate of 1 mL min -1 . The HPLC system consisted of a Merck-Hitachi L-6200A pump (Merck, Darmstadt, Germany), a Rheodyne 7725i injector with 20 μL sample loop, a Merck-Hitachi F-1050 fluorescence detector equipped with Clarity-Chromatography SW (DataApex-2005) software for integration of the peaks areas. Peaks were detected at 290 nm and 330 nm, excitation and emission wavelengths respectively. Tocols were identified using external standards (Merck, Darmstadt, Germany).
Carotenoid pigments:
Five g of dried seaweed was powdered in a mortar with cold acetone, and added to 5 g of Celite; the mixture was filtered through a Büchner funnel. Grinding and filtration were repeated until a colorless residue was obtained. Pigments were transferred to a separation funnel, which contained light petroleum and n-hexane, followed by distilled water. After the two phases had separated, the lower phase was discarded and the other was washed repeatedly with distilled water to reach a neutral pH. A 10% w/v solution of KOH in methanol was added to the separation funnel and left overnight in darkness. Then, the pigment solution was washed with distilled water to remove alkali and poured into a round bottom flask. The mixture was filtered through glass wool and anhydrous sodium sulfate. Finally, the pigment solution was concentrated in a rotary evaporator to 5 mL; this was poured into a 25 mL volumetric flask and trimmed with light petroleum to aid injection into the HPLC.
Carotenoid analysis was carried out by HPLC according to Henry et al. [39] using a Waters symmetry column (RP-18, 5μm particle size, 4.6 mm i.d. × 25 cm length;
Nutritional value of Chilean seaweeds Natural Product Communications Vol. 5 (10) 2010 1647 Waters, Milford, MA). A mobile phase of acetonitrile/methanol/ n-hexane (70:20:10 by vol.) was used between 0 and 20 min, then acetonitrile/ methanol/ethyl acetate (65:20:15 by vol) between 21 and 35 min. of analysis, at a flow rate of 1 mL min -1 . A Merck-Hitachi L-6200A high-performance liquid chromatograph with a Merck-Hitachi detector with a photodiode array was used. Carotenoid compounds were identified by comparing the peak retention times with standards (Roche, USA).
Expression of data and statistical analysis:
All data presented are means + standard deviations (n=6).
